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Supporting Results

Supporting Tables

Table S1. List of bacterial strains and mammalian cell lines used in this study, their source, and growth conditions.

Strains

Bacteria Source Identifier Gram Media Temp.
Bacillus megaterium ATCC ATCC® 14581™ Positive  Nutrient Broth/Agar 30°C
Bacillus subtilis ATCC ATCC® 6051™ Positive  Nutrient Broth/Agar 30°C
Enterococcus faecalis ATCC ATCC® 29212™ Positive  Brain Heart Infusion Broth/Agar 37°C
Enterococcus faecium ATCC ATCC® 19434™ Positive  Brain Heart Infusion Broth/Agar 37°C
Staphylococcus aureus ATCC ATCC® 700698 Positive  Brain Heart Infusion Broth/Agar 37°C
Staphylococcus epidermidis ATCC ATCC® 12228™ Positive  Nutrient Broth/Agar 37°C
MRSA ATCC ATCC® BAA-1680 Positive  Tryptic Soy Broth/Agar 37°C
Stenotrophomonas maltophilia ATCC ATCC® 13637™) Negative Nutrient Broth/Agar 30°C
Acinetobacter baumannii ATCC fg;)(;TCh'E@ BAA- Negative Tryptic Soy Broth/Agar 37 °C
Burkholderia cepacia ATCC ATCC® 25416™ Negative Nutrient Broth/Agar 30°C
Enterobacter cloacae. ATCC ATCC® 13047™ Negative Nutrient Broth/Agar 30°C
Escherichia coli %g)ennett BW25113 Negative oo oA gar 3700
Pseudomonas aeruginosa DSMZ g)il\é 12)2 644 Negative Tryptic Soy Broth/Agar 30 °C
Mammalian Cell Lines Source Identifier Media Temp.
Human Embryonic Kidney cells ATCC ATCC® CRL- i

HEK-293 1573™ Eagle's Minimum Essential Medium (ATCC® 30-2003™) 37 °C
Primary normal human dermal ATCC ATCC® PCS-201-

fibroblasts (NHDF's) 012™ Fibroblast Basal Medium (ATCC® PCS-201-030™) 37°C
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Table S2. Antibiotic MIC (in pg per mL) of different Gram-positive strains examined in this study.

Results are the mean of at least three biological replicates determined using the broth microdilution

method.

Antibiotic Bacterial strain

B. megaterium
Ciprofloxacin 0.25
Gentamicin 0.25

B. subtilis
Ciprofloxacin 0.03
Gentamicin 0.125

E. faecium
Ciprofloxacin 2
Gentamicin 4

E. faecalis
Ciprofloxacin 1
Gentamicin 8

S. epidermidis
Ciprofloxacin 0.125
Gentamicin 0.5

S. aureus
Ciprofloxacin 1
Gentamicin 2

MRSA
Ciprofloxacin 8
Vancomycin 0.5
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Table S3. Susceptibility (assessed as the MIC) of antibiotic-resistant B. subtilis and S. aureus to
visible light-activated HTI. During serial passaging experiments used to track the development of
antibiotic resistance, cells growing at half the MIC for each antibiotic were collected in each
passage and stored at -80 °C for further testing of their HTI MIC by irradiating cell suspensions
amended with a range of HTI concentrations with 455 nm light at 65 mW cm for 10 min, followed
by inoculation into MHB and overnight growth, as described in Materials and Methods. The results

are the mean of at least three biological replicates.

MIC (uM)
B. subtilis S. aureus
Ciprofloxacin® Gentamycin® Ciprofloxacin® Gentamycin®
Passage number HTI1 HTI6 HTI7 HTI1 HTI6 HTI7 HTI1 HTI6 HTI7 HTI1 HTI6 HTI7
1 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
2 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
3 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
4 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
5 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
6 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
7 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
8 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
9 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
10 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
11 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
12 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
13 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
14 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
15 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
16 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
17 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
18 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
19 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
20 10 1.25  0.3125 10 1.25  0.3125 10 5 5 10 5 5
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Table S4. Statistical significance (p-value and summary of p-value in brackets) of the difference
between the survival curves of G. mellonella infected with MRSA and treated with a combination
of HTI and antibiotic (2x MIC of HTI 1, 6, or 7 followed by 10 min of irradiation with 455 nm
light at 65 mW cm™ and subsequently treated with 2x MIC of antibiotics ciprofloxacin and
vancomycin), HTI alone or antibiotic alone. Statistical analysis of survival curves was performed
in GraphPad Prism 8 using the log-rank test (Mantel-Cox). Each survival curve was generated
based on the results obtained from three biological replicates, each comprised of ten individuals,

totaling 30 data points per treatment. * p <0.05, ** p <0.01, *** p <0.001, **** p <0.0001. ns: not

significant.
HTI 1 + Ciprofloxacin HTI 6 + Ciprofloxacin  HTI 7+ Ciprofloxacin
Ciprofloxacin alone 0.0078 (**) 0.0128 (*) 0.0123 (*)
HTI 1 alone 0.0019 (**) - -
HTI 6 alone - 0.0029 (**) -
HTI 7 alone - - 0.0344 (*)
HTI 1 + Vancomycin HTI 6 + Vancomycin HTI 7 + Vancomycin
Vancomycin alone  0.168 (ns) 0.1109 (ns) 0.4264 (ns)
HTI 1 alone 0.1886 (ns) - -
HTI 6 alone - 0.1009 (ns) -
HTI 7 alone - - 0.2417 (ns)

S6



Supporting Figures
A

S. aureus
100

80
60

40

Growth (%)

Concentration (uM)

@ HTI 1 - Light
O HTI 1 + Light
B HTI 2 - Light
0O HTI 2 + Light
A HTI 3 - Light
2 HTI 3 + Light
¥ HTI 4 - Light
¥ HTI 4 + Light
< HTI 5 - Light
< HTI 5 + Light
» HTI 6 - Light
& HTI 6 + Light
@ HTI 7 - Light
O HTI 7 + Light

Growth (%)

100

80

60

40

20

0 : . ‘
N N N QS

. N
& °

O N
QS N
IN O

Concentration (uM)

@ HTI 1 - Light
O HTI 1 + Light
| HTI 2 - Light
O HTI 2 + Light
A HTI 3 - Light
£ HTI 3 + Light
¥ HTI 4 - Light
¥ HTI 4 + Light
© HTI 5 - Light
& HTI 5 + Light
» HTI 6 - Light
B HTI 6 + Light
® HTI 7 - Light
O HTI 7 + Light

150,
B 1%DMSO M 1% DMSO + Light
—_ ns ns ns ns ns ns
S 00l gs & coo o
=
e
S
o
6 501
o.
i\&(\ 6‘“\\6 6\0& 0’3\6 «®°6 &
N T
& Q © e, O
&Q Q/ Q,Q
QO =3

Figure S1. Antibacterial activity of visible light-activated HTI. Light-dependent growth inhibition by increasing concentrations of

different HTI in the Gram-positive S. aureus (A) but not in the Gram-negative E. coli (B). (C) Percentage of growth reduction in different

Gram-positive bacterial strains treated with 1% DMSO or 1% DMSO plus light (10 min of irradiation with 455 nm light at 65 mW cm’

2 corresponding to a light dose of 39 J cm™). Growth was measured as ODgo after inoculation of HTI-treated cells in Mueller-Hinton

broth (MHB) and overnight incubation at the appropriate temperature (Table S1). Results are expressed as the average of at least three

biological replicates + standard error of the mean.
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Figure S2. Influence of light dose (fluence) and fluence rate on the killing of exponentially growing S. aureus by HTI 1, 6, and 7.
Survival is expressed as the logarithm of base 10 of the ratio between the CFU at every sample collection point and the CFU at the
beginning of irradiation. The results are shown as the mean of three biological replicates + standard error of the mean. The dashed line

denotes the limit of detection of the method. Further experimental details can be found in the main document.
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Figure S3. UV-vis spectra of the singlet oxygen trap DPBF in the presence of 0.8 mM of different
HTTI and increasing doses of 455 nm light. Each curve represents the average of three technical

replicates + standard error of the mean.
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1. Potentiation of antibiotics by pre-treatment with HTI
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Figure S4. Schematic representation of the experimental setup used to assess the potentiation of
antibiotic activity by HTI against MRSA in vitro. (1) MRSA cell suspensions were challenged
with 0.5x MIC of the most potent HTI molecules (HTI 1, 6, and 7), followed by 10 min of
irradiation with 455 nm light at 65 mW c¢m-2 (39 J cm™). The cells were then treated with 0.5x the
MIC of the antibiotics ciprofloxacin or vancomycin. The controls consisted of cells treated with

0.5x MIC of each antibiotic alone (2) or 0.5x MIC of HTI alone (3). Further experimental details

are provided in the main document.
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Figure S5. Time-dependent reduction in colony-forming units (expressed as the logarithm of the
ratio between the cell number at each time point and the cell number at time zero) of E. coli that
were untreated or pre-treated with Tris-EDTA (100 mM and 10 mM, respectively, pH 7.2, 60 min)
(11 and then challenged with 1 x MIC of each HTT and 455 nm light at 65 mW c¢m™. The dashed
line denotes the detection limit of the method. All results are expressed as the mean of at least

three biological replicates + standard error of the mean.
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Figure S6. Temperature (°C) during irradiation of samples treated with 320 uM of a representative
HTI (HTI 1) assessed using a temperature probe (Model SC-TT-K-30-36-PP; Omega Engineering,
Inc.). The results are the average of three independent experimental measurements. The error bars

are the standard error of the mean.
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Figure S7. HTI 5 and HTI 6 do not bind to the major membrane phospholipids of S. aureus.
Binding assays with exogenous phospholipids®! in S. aureus were used to determine whether
differences in HTI-bacteria interactions were responsible for the different antibacterial activities
of HTI. HTI 5§ and HTI 6 were selected because, although HTI 5 (MIC = 40 uM) contains two
methoxy groups that should increase its affinity for lipid bilayers, it showed much lower
antibacterial activity than HTI 6 (MIC = 5 uM), in which the methoxy groups are not present. The
phospholipids cardiolipin and phosphatidylglycerol were used for the competition experiments
because they are considered the major membrane phospholipids of S. aureus.® In these
experiments, exogenous phospholipids were added to a cell suspension of S. aureus along with
HTI before irradiation. If HTI bind the exogenous phospholipids, more HTI is required to kill the
cells, which is reflected by an increase in MIC compared with samples without the exogenous
compounds. However, the addition of increasing concentrations of phospholipids to the samples
did not affect the MIC of HTI, indicating that neither HTI 5 nor HTI 6 physically bind to the

membrane of S. aureus.
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Supporting Materials and Methods

A. General synthetic schemes
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Scheme S1: Synthesis of HTI 1, 2, and 5.
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Scheme S2: Synthesis of HTT 3.
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B. Detailed synthetic procedures

General Synthetic Procedures: All glassware was oven-dried prior to use. Reagent grade
tetrahydrofuran (THF) was distilled from sodium benzophenone ketyl, and reagent grade
triethylamine (Etz:N) was distilled from calcium hydride. All other chemicals were purchased from
commercial suppliers and used without further purification. Flash column chromatography was
performed using 230-400 mesh silica gel. Thin-layer chromatography was performed using glass
plates pre-coated with silica gel Fas4 0.25 mm layer thickness purchased from EM Science
(Gibbstown, NJ, USA). 'H NMR and '*C NMR were recorded at either 500 MHz and 126 MHz
or 600 MHz and 151 MHz. Chemical shifts (8) are recorded in ppm from trimethylsilane (TMS).
All products, except compound 2, were left as mixtures of £/Z isomers. For 2, the isomers were
separated with column chromatography in the absence of light and characterized individually.

Compounds 9, 13, 17, and 22 are reported compounds and were synthesized via previously

described methods.[*!

Compound 5. Under an argon atmosphere, compound 13 (117 mg, 0.51 mmol) was dissolved in
freshly distilled anhydrous DCM (3 mL). The solution was cooled to -78 °C, and BCI3 (510 pL,
1.0M in DCM) was added. The solution was quickly cannulated into a second solution, precooled

to 0 °C, of compound 9 (70 mg, 0.036 mmol) in 0.8 mL anhydrous DCM. The reaction was stirred
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at 0 °C for 80 min. At this point, the reaction was quenched with the addition of saturated aqueous
NaHCOs, and the mixture was extracted with DCM three times. After purification with column
chromatography (12% EtOAc in hexanes), compound 5 was isolated as a yellow-orange solid (103
mg, 73%). '"H NMR (500 MHz, CDCl3) 7.84 (dd, J; = 7.6 Hz, J>: = 0.9 Hz, 0.82H), 7.74 (dd, J; =
7.6 Hz, J>= 0.9 Hz, 0.16H), 7.67 (dd, J; = 7.6 Hz, J> = 0.9 Hz, 0.80H), 7.64 (dd, J; = 7.6 Hz, J> =
0.9 Hz, 0.18H), 7.16 (app t, J = 7.6 Hz, 0.82H), 7.10 (app t, J = 7.6 Hz, 0.18H), 6.93 (d, /= 8.8
Hz, 0.15H), 6.88 (d, J=9.1 Hz, 0.83H), 6.78 (d, J = 8.8 Hz, 0.16H), 6.72 (d, /= 9.0 Hz, 0.83H),
3.96 (s, 0.44H), 3.82 (s, 0.48H), 3.81 (s, 2.30H), 3.79 (s, 2.55H), 3.02 (d, J = 16.2 Hz, 0.80H),
2.93 (s, 0.36H), 2.87 (d, J = 15.7 Hz, 0.77H) 1.73 (s, 2.33H), 1.56 (s, 0.95H), 1.27 (s, 2.39H). *C
NMR (126 MHz, CDCl;) 6 188.63, 186.55, 164.19, 158.41, 152.84, 150.51, 149.84, 149.57,
147.25, 145.26, 137.91, 136.58, 136.54, 136.09, 134.36, 134.21, 129.33, 128.87, 128.71, 125.99,
125.87, 125.60, 124.60, 124.39, 117.38, 116.77, 115.01, 114.28, 110.10, 109.57, 56.07, 55.91,
55.39, 54.95, 51.61, 50.80, 47.73, 45.90, 26.63, 26.49, 26.22. HRMS (ESI) m/z calculated for

[M+H"] C21H19BrOsS 431.0311; found 431.0291.

Compound 1. Compound 5 (494 mg, 1.15 mmol) was dissolved in 115 mL AcOH and 9 mL of
EtOAc. Sodium perborate tetrahydrate (763 mg, 4.99 mmol) was added, and the reaction was

stirred at room temperature for 5 h. NaHCO3 was added, and the aqueous layer was extracted with
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EtOAc three times. The combined organic layers were dried over Na>SOs, and the solvent was
removed under vacuum. The product was purified with column chromatography (2.5% Acetone
in DCM) to give 1 as yellow-orange solid (430 mg, 83%). '"H NMR (500 MHz, CDCls) & 7.96 (d,
J=7.9Hz, 0.32H), 7.92 (dd, J; = 7.6 Hz, J>= 1.1 Hz, 0.69 H), 7.90 (dd, J; = 7.8 Hz, J>= 1.0 Hz,
0.29H), 7.88 (dd J; = 7.9 Hz, J>= 1.0 Hz, 0.64H), 7.57 (app t, J = 7.7 Hz, 0.34H) 7.52 (appt t, J =
7.7 Hz, 0.64H), 7.01 (d, J;: = 8.9 Hz, 0.66 H), 6.97 (d, J = 8.9 Hz, 0.32H), 6.81 (d, /= 8.8 Hz, 0.66
H), 6.73 (d, J= 8.8 Hz, 0.31H), 4.08 (s, 1.98H), 3.82 (s, 0.98H), 3.82 (s, 1.88H), 3.75 (s, 0.89H),
3.07 (d, J = 15.2 Hz, 0.30H), 3.02 (d, J = 16.6 Hz, 0.69H), 2.93 (set of overlapping doublets,
measured one set J = 16.2 Hz, other set unable to measure J val, 0.92H total), 1.97 (s, 0.95H),
1.56 (s, 3.99H), 1.44 (s, 0.97H). 3°C NMR (151 MHz, CDCls)  183.97, 181.80, 172.72, 171.41,
153.35, 151.44, 149.88, 149.60, 147.93, 146.74, 141.38, 139.12, 138.79, 138.36, 138.32, 138.23,
137.84, 133.84, 133.18, 128.81, 126.47, 124.08, 123.71, 122.73, 122.23, 116.74, 116.20, 109.72,
109.37, 56.05, 55.95, 55.35, 55.07, 52.91, 52.40, 47.27, 46.46, 28.47, 28.25, 26.21, 25.36. HRMS

(ESI) m/z calculated for [M+H"] C21H19BrO4S 447.0260, found, 447.0248

Compound 14. An oven-dried screw cap tube was charged with Compound 1 (158 mg, 0.35
mmol). Under Ar atmosphere, Pd>(dba);*CHCI; (16 mg, 0.02 mmol, 5 mol%), PPhs (23 mg, 0.09

mmol, 25 mol%), and Cul (7 mg, 0.04 mmol, 10 mol%) were added. The tube was evacuated and

S18



purged with Ar three times. A 3:1 mixture of dry THF:Et;N, degassed by bubbling with Ar for 30
min, was then added to the reaction tube. 4-(tert-butyldimethylsilyloxy)-1-butyne (186 pL, 4.44
mmol) was added, and the reaction was stirred overnight at 70 °C. The reaction was quenched with
a saturated solution of NH4Cl and extracted with CH>Cl, three times. The product was purified
with column chromatography (40% EtOAc in hexanes) to afford 14 as a yellow solid (164 mg,
mixture of isomers, 85%). 'H NMR (500 MHz, CDCls) 7.89 (d, J = 7.4 Hz, 0.36H), 7.85 (dd, J; =
8.1 Hz, J>=0.7 Hz, 0.63H), 7.76 (dd, J; = 7.8 Hz, J> = 0.9 Hz, 0.34H), 7.73 (dd, J; = 7.5 Hz, J>
= 0.8 Hz, 0.60H), 7.62 (app t, J= 7.9 Hz, 0.36H), 7.57 (app t, /= 7.9 Hz, 0.61H), 7.00 (d, /= 9.1
Hz, 0.59H), 6.96 (d, J = 8.7 Hz, 0.38H), 6.82 (d, /= 9.1 Hz, 0.66H), 6.72 (d, J = 8.7 Hz, 0.43H),
4.07 (s, 1.71H), 3.91 (td, J; = 7.0 Hz, J> = 1.3 Hz, 0.67H), 3.86 (t, J/ = 7.9 Hz, 1.13H), 3.83 (s,
0.98H), 3.82 (s, 1.64H), 3.75 (s, 0.93H), 3.07 (d, / = 15.0 Hz, 0.33H), 3.00 (d, J = 16.6 Hz, 0.66H),
2.91 (set of overlapping doublets, measured one set.J = 16.6 Hz, other set unable to measure J val,
0.97H total), 2.80 (t,J=6.9 Hz, 0.72H) 2.73 (t,J= 6.7 Hz, 1.24H), 1.97 (s, 0.96H), 1.55 (s, 4.06H),
1.44 (s, 1.06H), 0.93 (s, 3.04H), 0.91 (s, 5.71H), 0.12 (s, 1.88H), 0.09 (s, 3.85) ppm. *C NMR
(151 MHz, CDCl3) 6 184.76, 182.63, 171.61, 170.18, 153.26, 151.37, 150.23, 149.88, 149.61,
148.64, 142.30, 138.90, 138.69, 138.50, 138.16, 137.62, 136.41, 136.20, 132.25, 131.63, 128.91,
126.74, 124.27, 123.91, 123.87, 123.55, 116.44, 115.85, 109.73, 109.48, 97.24, 96.76, 76.34,
76.20, 61.65, 61.60, 56.05, 55.98, 55.36, 54.96, 52.72, 52.35, 47.21, 46.41, 28.44, 28.26, 25.91,
25.89, 25.39, 24.23, 24.17, 18.36, 18.32, -5.22. HRMS (ESI) m/z calculated for [M+H"]

C31H3805SS1 551.2282; found, 551.2261
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Compound 2. Compound 14 (164 mg, 0.30 mmol) was dissolved in 4 mL THF.
Tetrabutylammonium fluoride (632 pL, 1.0 M in THF) was added, and the reaction was stirred for
34 min at room temperature. The reaction was then quenched with the addition of water and
extracted with ethyl acetate. The product was purified with column chromatography (5%-10%
acetone in CH>Cly) to afford 2 as a golden yellow solid (104 mg, mixture of isomers, 80%). HRMS
(ESI) m/z calculated for [M+H"] CasH340sS 437.1417; found, 437.1399. For characterization
purposes, the £ and Z isomers were separated with column chromatography in the absence of light.

See page S56 for structure assignments and absorption of the £ and Z isomers.

Compound 15. An oven-dried screw cap tube was charged with Compound 1 (50 mg, 0.11 mmol).
Under Ar atmosphere, Pd>(dba);*CHCI; (3 mg, 0.003 mmol, 2.5 mol %) PPhs (4 mg, 0.015 mmol,

14 mol %) and Cul (1 mg, 0.005 mmol, 5 mol %) were added. The tube was evacuated and purged
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with Ar three times. A 1:1 mixture of dry THF:Et:N, degassed by bubbling with Ar for 30 min,
was then added to the reaction tube. Trimethylsilylacetylene (170 pL, 1.20 mmol) was added, the
tube was sealed, and the reaction was stirred overnight at 70 °C. The reaction was quenched with
a saturated solution of NH4Cl and extracted with CH>Cl, three times. The product was purified
with column chromatography (10%-33% ethyl acetate in hexanes) to afford 15 (35 mg, mixture of
isomers, 68%). 'H NMR (500 MHz, CDCls) 7.92 (dd, J; = 7.7 Hz, J» = 1.2 Hz, 0.27H), 7.88 (dd,
J1=7.7Hz,J>=12Hz 0.76H), 7.81 (dd, J; = 7.5 Hz, J> = 1.2 Hz, 0.26H), 7.78 (dd, J; = 7.5 Hz,
J>=12Hz, 0.73H), 7.62 (app t,J = 7.7 Hz, 0.31H), 7.58 (app t, J/ = 7.6 Hz, 0.74H), 7.01 (d, J =
8.8 Hz, 0.77H), 6.95 (d, J = 8.8 Hz, 0.26H), 6.83 (d, J = 8.8 Hz, 0.76H), 6.72 (d, J = 8.8 Hz,
0.24H), 4.08 (s, 2.40H), 3.82 (s, 0.97H), 3.81 (s, 2.10H), 3.72 (s, 0.68H), 3.06 (d, J = 15.0 Hz,
0.23H), 2.98 (d, J = 16.1 Hz, 0.80H), 2.91 (set of overlapping doublets, measured one setJ = 16.7
Hz, other set unable to measure J val, 1.01H total), 1.96 (br s, 0.68H), 1.56 (s, 4.80H), 1.45 (s,
0.73H), 0.33 (s, 2.30H), 0.28 (s, 7.14H) ppm. 3*C NMR (151 MHz, CDCl3) & 185.10, 182.96,
172.25, 170.63, 153.67, 151.78, 151.44, 150.28, 149.99, 142.50, 139.37, 138.63, 138.49, 137.98,
136.83, 136.54, 132.54, 131.98, 129.25, 128.58, 126.99, 124.97, 124.60, 123.50, 116.93, 116.20,
110.14, 109.88, 105.18, 104.96, 99.23, 99.12, 56.41, 56.34, 55.76, 55.03, 53.09, 52.55, 47.54,
46.73,28.88,28.55,25.81,25.77,0.35, 0.10. HRMS (ESI) m/z calculated for [M+H"] C26H2804SSi

465.1550; found, 465.1540
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Compound 16. K»COs (1 mg, 0.01 mmol) was added to a solution of compound 15 (35 mg, 0.08
mmol) in MeOH:THF (2:1, 3 mL). The reaction was stirred at room temperature for 2 hours and
subsequently quenched with a saturated solution of NaHCO; (50 mL). The mixture was then
extracted with ethyl acetate (3x 25mL), dried over sodium sulfate, concentrated under vacuum,
and purified with column chromatography (10% Acetone in CH>Cl>) to afford 16 as an orange
solid (25 mg, 85% yield). '"H NMR (500 MHz, CDCl3) 7.98 (dd, J; = 7.7 Hz, J> = 1.0 Hz, 0.16 H),
7.93 (dd, J;=7.7 Hz,J>=1.0 Hz, 0.86H), 7.88- 7.84 (m, 1H, set of overlapping signals), 7.66 (app
t, J=7.5 Hz, 0.15 H), 7.62 (app t, J= 7.5 Hz, 0.85 H) 7.00 (d, J = 9.0 Hz, 0.85H), 6.96 (d, /= 9.0
Hz, 0.14H), 6.81 (d, J = 9.0 Hz, 0.88H), 6.72 (d, J = 9.0 Hz, 0.11H), 4.07 (s, 2.61H), 3.82 (s,
0.51H), 3.82 (s, 2.46H), 3.75 (s, 0.33H), 3.66 (s, 0.14H), 3.58 (s, 0.81H), 3.08 (d, J = 14.7 Hz,
0.17H), 3.02 (d, /= 16.5 Hz, 0.89H), 2.91 (set of overlapping doublets, measured one set J = 16.4
Hz, other set unable to measure J val, 0.96H total), 1.98 (br s, 0.40H), 1.56 (set of two overlapping
singlets, 5.35H), 1.44 (br s, 0.37H). 3C NMR (151 MHz, CDCl3) & 184.28, 182.18, 172.02,
170.79, 153.24, 151.41, 150.97, 149.83, 149.59, 141.82, 139.06, 138.94, 138.48, 137.73, 136.47,
136.33, 132.34, 131.69, 128.79, 126.52, 125.10, 124.71, 122.37, 122.04, 116.53, 116.02, 109.70,
109.36, 86.27, 86.07, 77.85, 77.82, 56.04, 55.94, 55.34, 55.06, 52.80, 52.34, 47.22, 46.45, 28.42,
28.34, 26.16, 25.32. HRMS (ESI) m/z calculated for [M+H"] C23H2004S 393.1155; found

393.1148.
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Compound 3. Hexyl 4-methylbenzenesulfonate (208 mg, 0.8 mmol) and sodium azide (202 mg,
3.1 mmol) were added to a screw cap tube. DMF (6 mL) was then added, the tube was sealed, and
the reaction was left to stir at 80 °C overnight. The reaction was subsequently cooled to room
temperature, diluted with ether, and washed with 10% HCI (3x 50 mL). The organic layer was
concentrated under vacuum, and crude 18 was used directly in the subsequent step. 18 was added
into a screw cap tube loaded with motor 16 (99 mg, 0.25 mmol), CuSOs4 (3 mg, 0.02 mmol), and
sodium ascorbate (12 mg, 0.06 mmol). The tube was evacuated and filled with Ar three times.
Water (0.6 mL) and CH>Cl> (0.6 mL) were added into the tube. The reaction was sealed and
sonicated at room temperature for 4 days. The reaction was diluted with brine and extracted three
times with CH>Clo. The material was purified with column chromatography (gradient 100%
CHxCl2 — 5% Acetone 95% CH2Cl) to afford 3 as a yellow-orange solid (95.4 mg, mixture of
isomers, 74%). 'H NMR (600 MHz, CDCI3) 6 8.71 (s, 0.88H), 8.59 (dd, J; = 7.8 Hz, J> = 1.0 Hz,
overlaps with signal at 8.58 ppm, 0.92H total), 8.58 (br s, overlaps with signal at 8.59 ppm, 0.92H
total), 8.01 (d, J = 7.3 Hz, 0.27H), 7.99 (dd, J; = 7.5 Hz, J> = 1.1 Hz, 0.66H), 7.81 (app t, J= 7.6
Hz, overlaps with signal at 7.78 ppm, 0.98H total), 7.78 (app t, J= 7.6 Hz, overlaps with signal at
7.81 ppm, 0.98H total) 7.03 (d, J = 9.1 Hz, 0.64H), 6.98 (d, /= 9.1 Hz, 0.31H), 6.83 (d, /=9.1
Hz, 0.66H), 6.75 (d, J = 9.1 Hz, 0.30H), 4.53- 4.45 (m, 0.64H), 4.45-4.38 (m, 1.28H), 3.99 (s,

1.96H), 3.83 (s overlaps with additional s, total 2.86H), 3.79 (s, 0.84H), 3.09-3.04 (m, 0.96H),
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2.97-2.92 (m, 0.99H), 2.06-1.87 (m, 2.93H, set of overlapping signals), 1.63 (s, 1.95H), 1.59 (s,
1.96H),1.46 (br s, 0.77H), 1.39-1.28 (m, 6.38H), 0.91-0.86 (m, 3.31H, set of overlapping signals)
ppm. *C NMR (151 MHz, CDCl3) & 184.41, 182.37, 172.18, 170.45, 153.49, 151.19, 150.03,
149.60, 144.85, 143.39, 142.61, 142.45, 140.48, 139.20, 137.63, 136.71, 136.59, 136.36, 134.80,
134.33, 132.99, 132.44, 131.95, 128.88, 126.71, 125.87, 125.28, 124.71, 124.36, 116.70, 116.12,
109.76, 109.44, 56.07, 56.01, 55.37, 54.84, 52.79, 52.71, 50.64, 50.54, 47.31, 46.38, 31.18, 30.41,
30.39, 28.52, 28.20, 26.18, 26.11, 25.36, 22.47, 22.41, 14.14, 13.97. HRMS (ESI) m/z calculated

for [M+H"] C20H33N304S 520.2265; found 520.2245.

Compound 23. Under argon atmosphere, compound 22 (146 mg, 0.64 mmol) was dissolved in
freshly distilled anhydrous DCM (3.8 mL). The solution was cooled to -78 °C, and BCI3 (640 pL,
1.0 M in DCM) was added. The solution was quickly cannulated into a second solution, precooled
to 0 °C, of compound 9 (110 mg, 0.50 mmol) in 0.8 mL anhydrous DCM. The reaction was stirred
at 0 °C for 1 h 20 min. At this point, the reaction was quenched with the addition of saturated
aqueous NaHCOs3, and the mixture was extracted with DCM three times. After purification with
column chromatography (25%-50% DCM in hexanes), compound 23 was isolated as a yellow-
orange solid (143 mg, mixture of isomers, 66%)."H NMR (500 MHz, CDCl3) 6 7.99 (d, J = 2.0

Hz, 0.62H), 7.89 (d, J = 2.0 Hz, 0.36H), 7.58 (dd, J; = 8.4 Hz, J> = 1.7 Hz, 0.61H), 7.55 (dd, J; =
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8.1 Hz, J>=2.0 Hz, 0.38H), 7.32 (d, J = 8.4 Hz, 0.63H), 7.23 (d, /= 8.4 Hz, 0.36H), 6.92 (d, J =
9.0 Hz, 0.36H), 6.88 (d, J = 9.0 Hz, 0.61 H), 6.74, 6.72 (d, d, set of overlapping signals, J=9.0
Hz for both sets, 0.99H total) 3.90 (s, 1.06H), 3.81, 3.81, 3.80 (s, s, s, set of overlapping signals,
4.83H total), 2.99 (d, J=15.5 Hz, 0.60H), 2.93 (s, 0.73H), 2.86 (d, J = 15.6 Hz, 0.59H), 1.67 (s,
2.03H), 1.55 (s, 2.18H), 1.23 (s, 1.82H) ppm. *C NMR (126 MHz, CDCl3) & 187.66, 185.44,
163.91, 158.08, 152.82, 150.35, 149.87, 149.56, 144.87, 142.47, 137.91, 136.61, 136.45, 136.22,
133.88, 133.81, 129.26, 128.84, 128.77, 128.52, 128.29, 125.32, 124.64, 124.20, 118.40, 117.86,
114.93, 114.27, 110.03, 109.55, 56.05, 55.89, 55.35, 54.99, 51.59, 50.70, 47.74, 45.85, 26.50,

26.22. HRMS (ESI) m/z calculated for [M+H"] C21H19BrOsS 431.0311; found 431.0303.

Compound 24. Compound 23 (116 mg, 0.27 mmol) was dissolved in 27 mL AcOH and 2 mL of
EtOAc. Sodium perborate tetrahydrate (154 mg, 1.0 mmol) was added, and the reaction was stirred
at room temperature for 5 h. NaHCO3; was added, and the aqueous layer was extracted with EtOAc
three times. The combined organic layers were dried over NaxSOs, and the solvent was removed
under vacuum. The product was purified with column chromatography (gradient 20-60% EtOAc
in hexanes) to give 24 as yellow-orange solid (109 mg, mixture of isomers, 91%). E isomer: 'H
NMR (500 MHz, CDCIl3) 6 8.13 (d, J= 1.7 Hz, 1.03H), 7.95- 7.91 (m, 2.04H), 6.97 (d, /= 8.9 Hz,

1.03H), 6.73 (d, J = 8.6 Hz, 0.99H), 3.83 (s, 3.08H), 3.76 (s, 3.03H), 3.09 (d, /= 14.9 Hz, 1.03H),
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2.93 (d, J = 14.9 Hz, 1.02H), 1.96 (s, 3.03H), 1.43 (s, 2.78H) ppm. '*C NMR (126 MHz, CDCl5)
5181.28, 171.19, 153.23, 149.62, 147.38, 139.07, 137.78, 137.52, 137.21, 128.67, 128.37, 127.92,
127.29, 116.22, 109.70, 56.07, 55.34, 52.71, 46.44, 28.64, 26.07. HRMS (ESI) m/z calculated for

[M+H"] C21H19BrO4S 447.0260; found 447.0254.

TBSO TBSO

Compound 25. An oven-dried screw cap tube was charged with Compound 24 (64 mg, 0.14
mmol). Under Ar atmosphere, Pd>(dba);*CHCI3 (9 mg, 0.01 mmol, 5 mol%), PPhs (12 mg, 0.05
mmol, 25 mol%), and Cul (4 mg, 0.02 mmol, 10 mol%) were added. The tube was evacuated and
purged with Ar three times. A 3:1 mixture of dry THF:EtsN (3 mL), degassed by bubbling with
Ar for 30 min, was then added to the reaction tube. 4-(tert-butyldimethylsilyloxy)-1-butyne (80
pL, 0.48 mmol) was added, and the reaction was stirred overnight at 70 °C. The reaction was
quenched with a saturated solution of NH4Cl and extracted with CH2Cl. three times. The product
was purified with two rounds of column chromatography (first: gradient 20-60% EtOAc in
hexanes; second: 50% DCM in hexanes, followed by 5% acetone in DCM) to afford 25 as a yellow
solid (62 mg, mixture of isomers, 79%). Z isomer: 'H NMR (500 MHz, CDCl3) § 7.93 (d,J = 0.91

Hz, 0.98H), 7.91 (dd, J; = 8.1 Hz, J> = 0.7 Hz, 1.04H), 7.76 (dd, J, = 7.8 Hz, J> = 1.2 Hz, 1.07H),
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7.00 (d,J=9.0 Hz, 1.04H), 6.80 (d, /J=9.0 Hz, 1.01H), 4.04 (s, 3.12H), 3.84 (t,J= 6.7 Hz, 2.18H),
3.81 (s, 3.06H), 2.99 (d, J = 16.4 Hz, 1.00H), 2.90 (d, J = 16.4 Hz, 1.09H), 2.66 (t, J = 7.1 Hz,
2.19H), 1.56 (s, 2.89H), 1.53 (s, 3.24H), 0.92 (s, 9.74H), 0.11 (s, 6.38H) ppm. *C NMR (126
MHz, CDCl3) 6 184.14, 171.25, 151.36, 149.96, 148.84, 142.50, 138.96, 137.82, 135.78, 127.81,
127.22, 126.24, 126.20, 116.58, 109.35, 91.36, 80.14, 61.61, 55.95, 54.96, 52.18, 47.19, 28.41,
25.89,25.24,23.90, 18.36. HRMS (ESI) m/z calculated for [M+H"] C31H3305SSi 551.2282; found

551.2275.

Compound 4. Compound 25 (50 mg, 0.09 mmol) was dissolved in 1 mL THF.
Tetrabutylammonium fluoride (233 pL, 1.0 M in THF) was added, and the reaction was stirred for
30 minutes at room temperature. The reaction was then quenched with the addition of water and
extracted with ethyl acetate. The product was purified with column chromatography (5-10%
acetone in CH,Cly) to afford 4 as a golden yellow solid (39 mg, 98%). 'H NMR (500 MHz, CDCls)
0 8.00 (set of overlapping d, unable to measure J, 0.57H), 7.96 (d, /= 0.7 Hz, 0.62H), 7.93 (d, J =
7.8 Hz, 0.68H), 7.80 (dd, J; = 7.8 Hz, J> = 1.1 Hz, 0.33H), 7.78 (dd, J; = 7.8 Hz, J> = 1.4 Hz,
0.66H), 7.02 (d, J = 9.0 Hz, 0.69 H), 6.96 (d, J=9.0 Hz, 0.32H), 6.82 (d, J = 8.8 Hz, 0.69 H), 6.72

(d, J=8.8 Hz, 0.32H), 4.05 (s, 2.08H), 3.86-3.81 (m, 5.07H, set of overlapping signals), 3.75 (s,
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0.91H), 3.08 (d, J = 15.3 Hz, 0.35H), 3.00 (d, J = 16.9 Hz, 0.74H), 2.91 (d, J = 14.7 Hz; overlaps
with d, J = 16.8 Hz; total 1.03H), 2.75-2.72 (m, 2.03H), 1.95 (s, 1.19H), 1.57 (s, 2.12H), 1.53 (s,
2.15H), 1.43 (s, 0.90H) ppm. 3C NMR (126 MHz, CDCl;) & 184.07, 182.07, 171.47, 170.52,
153.16, 151.35, 149.97, 149.59, 148.95, 147.50, 142.31, 139.01, 137.87, 137.65, 137.53, 135.77,
135.70, 128.72, 128.03, 127.77, 127.45, 127.39, 126.75, 126.26, 126.20, 116.64, 116.04, 109.64,
109.35, 90.89, 90.56, 80.74, 80.73, 60.91, 60.88, 56.07, 55.96, 55.26, 54.97, 52.63, 52.23, 47.18,
46.42, 28.58, 28.42, 26.05, 25.23, 23.83, 23.82. HRMS (ESI) m/z calculated for [M+H']

C25H240s5S 437.1417; found 437.1399.

Compound 6. Under argon atmosphere, compound 13 (268 mg, 1.17 mmol) was dissolved in
freshly distilled anhydrous DCM (7 mL). The solution was cooled to -78 °C, and BCl3 (1.2 mL,
1.0 M in DCM) was added. The solution was quickly cannulated into a second solution, precooled
to 0 °C, of compound 26 (206 mg, 0.86 mmol) in 2 mL anhydrous DCM. The reaction was stirred
at 0 °C for 1 h 45 min. At this point, the reaction was quenched with the addition of saturated
aqueous NaHCOs3, and the mixture was extracted with DCM three times. After purification with
column chromatography (1% ether in hexanes), compound 6 was isolated as a orange solid (220
mg, mixture of isomers, 57%)."H NMR (500 MHz, CDCl3) 9.23 (dd, J; = 1.8 Hz, J> = 0.4 Hz,
0.48H), 8.32 (dd, J; = 1.7 Hz, J>= 0.4 Hz, 0.46H), 7.89 (dd, J; = 7.6 Hz, J> = 1.1 Hz, 0.43H), 7.83

(dd, J; = 7.6 Hz, J> = 1.0 Hz, 0.44H), 7.72 (set of two overlapping dd, J; = 7.8 Hz, J> = 1.1 Hz,
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and J; = 7.8 Hz, J> = 1.14 Hz, 0.90H total), 7.54 (dd, J;=8.1 Hz, J> = 1.7 Hz, 0.45H), 7.51 (dd J;
=8.1 Hz, J>=1.9 Hz, 0.44H), 7.22-7.16 (m, set of overlapping signals, 1.81 H), 3.04 (s, 0.99H),
2.97 (s, 0.92H), 1.63 (s, 2.63H), 1.57 (s,2.99) ppm. *C NMR (126 MHz, CDCl3) § 187.32, 187.29,
163.48, 162.86, 148.64, 147.04, 145.99, 145.40, 141.82, 139.72, 137.07, 136.99, 134.57, 134.27,
133.97, 133.77, 131.52, 130.79, 127.93, 126.83, 126.71, 126.56, 126.29, 126.12, 125.59, 125.23,
120.91, 120.07, 117.32, 117.10, 50.86, 49.32, 49.17, 48.85, 26.72, 25.29. HRMS (ESI) m/z

calculated for [M+H"] C19H14Br2OS 448.9205; found, 448.9207.

Compound 28. An oven-dried screw-cap tube, charged with compound 6 (60 mg, 0.13 mmol),
tert-butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (145 mg, 0.48 mmol), and
K53PO4 (171 mg, 0.81 mmol), was purged with Ar three times. A mixture of EtOH (360 pL) and
water (120 pL) was added, and the solution was bubbled with Ar for 30 min. sSPhos Pd G2 (9 mg,
0.10 mmol) was then added, and the solution was stirred at 100 °C overnight. The reaction was
then quenched with a saturated solution of NH4Cl and extracted with EtOAc three times. The
solvent was removed under vacuum, and the crude material was purified with column
chromatography (5-10% EtOAc in hexanes, then additional column 50% DCM in hexanes) to
afford 28 as an orange solid (74 mg, mixture of isomers, 86%). 'H NMR (500 MHz, CDCls) 9.38
(d, J=1.78 Hz, 0.40H), 8.31 (d, J = 1.43 Hz, 0.56H), 8.16-8.06 (m, 3.93H, set of overlapping
signals), 7.98 (dd, J; =7.52 Hz, J>=1.19 Hz, 0.42H), 7.92 (dd, J; = 7.52 Hz, J>= 1.19 Hz, 0.55H),

7.77 (m, 0.84H), 7.72-7.68 (m, set of overlapping signals, 1.92H), 7.67-7.61 (m, set of overlapping
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signals, 2.10H), 7.60 (dd, J; = 7.5 Hz, J> = 1.2 Hz) overlaps with 7.59 (dd, J; = 7.5 Hz, J> = 1.3
Hz, 0.97H total), 7.42- 7.36 (m, set of overlapping signals, 1.93H), 3.14 (s, 1.08H), 3.04 (s, 0.89H),
1.70 (s, 3.49H), 1.64, 1.64, 1.63, 1.63 (s, s, s, s, overlapping signals, 18.03H), 1.53 (s, 2.33 H)
ppm. BC NMR (126 MHz, CDCl3) & 187.75, 187.66, 166.54, 165.48, 165.40, 165.30, 163.97,
163.34, 149.71, 148.08, 145.21, 144.68, 142.98, 142.54, 142.36, 142.33, 140.75, 139.49, 138.68,
138.36, 135.98, 135.84, 134.59, 134.55, 133.07, 132.89, 131.91, 131.72, 131.12, 130.71, 130.62,
130.05, 129.99, 128.02, 127.93, 127.70, 127.13, 127.04, 126.91, 126.88, 126.46, 126.09, 126.00,
125.87, 125.72, 125.52, 125.14, 81.32, 81.29, 81.03, 80.93, 51.05, 49.13, 36.63, 28.26, 28.22,
26.77, 25.45, 24.69, 23.34 ppm. HRMS (ESI) m/z calculated for [M+H"] C41H4005S 645.2685;

found 645.2669.

Compound 7. Compound 28 (280 mg, 0.43 mmol) was added to 5 mL CH>Cl> and 40 mL formic
acid. After stirring the mixture for 1.5 h at room temperature, the formic acid and CH2Cl» were
removed under vacuum. Water was added to the residue, and the aqueous layer was extracted with
EtOAc. The combined organic fractions were dried over Na>SO4 and concentrated under vacuum.
The crude product was rinsed with Et;0O, and no further purification was needed to afford 7 as a
yellow solid (Z isomer only, 199.8 mg, 86%). 'H NMR (500 MHz, DMSO-d6) 8.30 (d, /= 1.3 Hz,

0.97H), 8.11 (m, 1.99H), 8.02 (m, 1.99H), 7.89-7.82 (m, 5.11H), 7.75 (app d, J = 8.56 Hz, 2.04H),
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7.56-7.53 (m, 2.06H), 3.14 (s, 2.27H), 1.61 (s, 6.00H) ppm. 1*C NMR (126 MHz, DMF) & 187.57,
167.48, 167.34, 163.99, 150.54, 144.60, 142.57, 142.47, 140.67, 139.22, 136.19, 135.38, 132.77,
131.52, 131.23, 130.72, 130.56, 130.41, 128.68, 127.18, 126.96, 126.68, 126.54, 126.23, 125.77,
50.76, 48.97, 25.15 ppm. HRMS (ESI) m/z calculated for [M+H"] C33H2405S 533.1417; found

533.1428.

C. NMR spectra of synthetic intermediates
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D. Additional characterization of £ and Z isomers of 2

¢ (L-mol1-cm 1)
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Figure S8. Extinction coefficient for the £ and Z isomers of 2 in CHCl3
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Figure S9. Structure of HTI 2-Z. The numbers in the figure correspond to the numbers on the
spectra below. 'H NMR (500 MHz, CDCls) 7.87 (dd, Ji = 7.7 Hz, J>» = 1.1 Hz, 1H, C-H(3)), 7.69
(dd, J1 = 7.6 Hz, J> = 1.2 Hz, 1H, H-C(5)), 7.61 (app t, J = 7.6 Hz, 1H, H-C(4)), 7.01 (d, J= 8.9
Hz, 1H, H-C(13)), 6.82 (d, J= 8.9 Hz, 1H, H-C(12)), 4.90 (br s, 1H), 4.09 (s, 3H, H3-C(20)), 3.82
(s, 3H, H3-C(21)), 3.88-3.76 (br m, 2H, H»-C(25)), 3.00 (d, /= 16.6 Hz, 1H, H>-C(16)),2.92 (d, J
=16.7 Hz, 1H, H>-C(16)), 2.74 (ddd, J;= 17.2, J>= 8.6, J5=4.1 Hz, 1H, H>-C(24)), 2.60 (ddd,
Ji=17.2, J>=5.1, J5=3.1 Hz, 1H, H>-C(24)), 1.59 (s, 3H, H3-C(18)), 1.55 (s, 3H, H3-C(19)) ppm.
BC NMR (126 MHz, CDCl3) 6 183.84 (C(1)), 172.23 (C(9)), 151.49 (C(11)), 149.96 (C(14 or 7)),
149.93 (C(14 or 7)), 140.02 (C(8)), 139.05 (C(15)), 136.52 (C(5)), 136.31 (C(2)), 131.97 (C(4)),
126.01 (C(10)), 123.75 (C(6)), 123.52 (C(3)), 116.91 (C(13)), 109.40 (C(12)), 99.76 (C(23)), 76.98
(C(22)), 61.10 (C(25)), 55.97 (C(21)), 54.74 (C(20)), 52.09 (C(17)), 47.24 (C(16)), 28.40 (C(18)),
25.30 (C(19)), 24.88 (C(24)) ppm. Only relative, not absolute, assignments for protons 18/19 and

16/16' were determined.
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Figure S17. Structure of HTI 2-E. The numbers in the figure correspond to the numbers on the
spectra below. 'H NMR (500 MHz, CDCl3) 7.92 (dd, Ji = 7.6 Hz, J>» = 1.1 Hz, 1H, C-H(3)), 7.72
(dd, J1 =7.6 Hz, J» = 1.1 Hz, 1H, C-H(5)), 7.65 (app t, J = 7.6 Hz, 1H, C-H(4)), 6.97 (d, J= 8.6
Hz, 1H, H-C(13)), 6.73 (d, J=8.7, 1H, H-C(12)), 4.79 (br s, 1H), 3.93-3.91 (br m, 2H, H>-C(25)),
3.83 (s, 3H, H3-C(21)), 3.74 (s, 3H, H3-C(20)), 3.08 (d, /= 15.7 Hz, 1H, H»-C(16)), 2.92 (d, J =
15.7 Hz, 1H, H>-C(16%)), 2.79 (ddd, J;= 17.2, J= 6.9, J;=4.8 Hz, 1H, H2-C(24)), 2.70 (ddd,
J=17.2, J:=5.4, J3=4.1 Hz, 1H, H2-C(24)), 1.95 (s, 3H, H3-C(19)), 1.42 (s, 3H, H3-C(18)) ppm.
3C NMR (126 MHz, CDCl3) & 181.84 (C(1)), 171.05 (C(9)), 153.25 (C(11)), 149.64 (C(14)),
148.90 (C(7)), 137.80 (C(15)), 137.44 (C(8)), 136.23 (C(2)), 136.21 (C(5)), 132.55 (C(4)), 128.83
(C(10)), 124.14 (C(6)), 123.94 (C(3)), 116.14 (C(13)), 109.73 (C(12)), 100.03 (C(23)), 77.00
(C(22)), 61.24(C(25)), 56.08 (C(21)), 55.36 (C(20)), 52.95 (C(17)), 46.44 (C(16)), 28.63 (C(18)),
26.07 (C(19)), 24.85 (C(24)) ppm. Only relative, not absolute, assignments for protons 18/19 and

16/16' were determined.
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Figure S22. Selected region of HSQC spectrum of HTI 2-E (600 MHz, CDCl3) and assignments that correspond to Figure S17.
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Figure S24. NOESY NMR Spectrum (500 MHz, CDCl;, 0.3 s mixing time) of HTI 2-E. The cross-peaks between protons 12/20, 13/21,
16 /21, and 16°/21 were used to assign methoxy protons. The cross-peaks between protons 16/19 and 16°/19 were used to determine
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Additional Comments on the NMR Analysis of HTI Motors

The signals for the methylene protons in the five-membered ring differ significantly in the
various motors; these differences have important structural implications. Each isomer of 1-4 and
14-16 gives an AB quartet. The doublet for the more shielded proton in the E isomer often
extensively overlaps the doublet for the more shielded proton in the Z isomer (1, 3, 4, 14-16); in
3, the doublet for the more deshielded proton in the E isomer also extensively overlaps the doublet
for the more deshielded proton in the Z isomer. In contrast, 5 and 23 give an AB quartet for the
methylene protons in one isomer but just a singlet for the methylene protons in the other isomer,
while 6 and 28 give a singlet for the methylene protons in each isomer. 5, 23, 6, and 28 are sulfides,
while 1-4 and 14-16 are chiral sulfoxides.

In sulfides 6 and 28, there is no steric hindrance that would prevent the entire molecular
framework from adopting a planar conformation. Neither compound has any chirality or helicity.
This is analogous to the situation for a simple HTI switch, as shown in Figure 1 (main text).

The presence of an AB quartet for a methylene group in one isomer of sulfide 5 and in one
isomer of sulfide 23 (which differ only in the location of the Br substituent on the C¢H3 ring)
implies that the two methylene protons are inherently inequivalent; a planar framework is not
present. Steric hindrance between the carbonyl group and proximate methoxy group in the £
isomer is readily apparent. There is no steric hindrance between the sulfur atom and proximate
methoxy group in the Z isomer. To alleviate congestion in the £ isomer, the framework deviates
from planarity. As a result, just a singlet is observed for the methylene protons in the Z isomer,
while an AB quartet is observed for the methylene protons in the £ isomer.

In 5 and 23, the methylene singlet is clearly weaker than the methylene AB quartet. Thus,
when other signals are resolved, they can easily be attributed to either the minor (Z) or major (E)
isomer.

We note that a singlet would also be observed if the two methylene protons had extremely
similar, but not identical, chemical shifts where the difference A in chemical shifts (in Hz) is much
less than the geminal coupling constant (A << 2J), as the outer components of this AB quartet
would be so weak that they could easily be obscured by the baseline noise, while the inner
components would severely overlap. This appears to be the case in analogous Z and E sulfides

with CI substituents, where crystal structures were also obtained.!”]
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For a sulfoxide, steric hindrance is unavoidable between the carbonyl group and the
proximate methoxy group in the E isomer or between the sulfoxide group and the proximate
methoxy group in the Z isomer. To alleviate congestion in either isomer, the framework deviates
from planarity, as shown in Figure 1 (main text) and in references,!®”] and adopts a helical
structure. As a result, an AB quartet is observed for the methylene protons in each isomer. This
has previously been observed in analogous Z and E sulfoxides with Cl substituents!’! and without

Cl1 substituents!® on the hemithioindigo aromatic ring; crystal structures were also obtained.!%”]
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